ABSTRACT The self-flocculation of yeast cells presents advantages for continuous ethanol fermentation such as their self-immobilization within fermenters for high density to improve ethanol productivity and cost-effective biomass recovery by gravity sedimentation. We sequenced and analyzed the genome of the self-flocculating Saccharomyces cerevisiae SPSC01 for the industrial production of fuel ethanol.
H
igh productivity cannot be achieved for regular Saccharomyces cerevisiae isolates, since unicellular yeast cells cannot be retained within fermenters for high density under continuous fermentation conditions (1) . When yeast cells self-flocculate, not only can they be retained within fermenters for high density to improve ethanol productivity (2), but they are more tolerant to ethanol for high product titers (3). The self-flocculating S. cerevisiae SPSC01 has been commercialized in fuel ethanol production (4).
SPSC01 was sequenced by the whole-genome shotgun approach (5). Paired-end short reads were generated with about 793 Mb of raw data and 577 Mb of clean data. The reads were assembled and validated using SOAPdenovo (http://soap.genomics .org.cn/soapdenovo.html) and SOAP aligner version 2.2 (http://soap.genomics.org .cn/soapaligner.html). GenomeScan (http://genes.mit.edu/genomescan.html) and Augustus (http://bioinf.uni-greifswald.de/webaugustus/prediction/create) were used to predict the open reading frames (ORFs), which were annotated by their best match according to BLAST analysis (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and aligned using CLUSTALW (http://www.genome.jp/tools/clustalw). ORFs larger than 100 bp were included as candidates. For filtered ORFs, gene annotation was based primarily on comparisons to the Saccharomyces Genome Database (http://www.yeastgenome.org), the Saccharomyces Species Database (http://www.broadinstitute.org/annotation/fungi/ comp_yeasts), as well as the Clusters of Orthologous Groups (COG)/KEGG (6, 7), Swiss-Prot (8), TrEMBL (9), and nonredundant (NR) (10) databases. Noncoding RNAs, including rRNAs and tRNAs, were predicted by RNAmmer (http://www.cbs.dtu.dk/ services/RNAmmer) and tRNAScan (http://lowelab.ucsc.edu/tRNAscan-SE). Repeated sequences were identified via aligning the assembly with the repetitive sequence database using RepeatMasker (http://www.repeatmasker.org/cgi-bin/WEBRepeatMasker) and Repeat Protein Masker (11) . The tandem repeat sequences were analyzed using Tandem Repeat Finder (12) . Single nucleotide polymorphisms (SNPs), insertion-deletions, and copy number variations were analyzed by using the Short Oligonucleotide Analysis Package (SOAPsnp) (http://soap.genomics.org.cn/index.html). Phylogenetic analyses were carried out using CLUSTALW. Prediction and annotation of RNA genes were manually performed based on the results of BLASTn searches of the SPSC01 genome with the S288c sequences of these genes and elements as queries. Comparison of genome chromosome synteny between the model S. cerevisiae S288c (13) strain and the Brazilian industrial isolate S. cerevisiae JAY291 (14) was performed using the MUMmer software (15) .
The SPSC01 genome is ϳ15 Mb, encompassing a capacity for 5,315 genes with an average length of 1,532 bp. The genome coverage depth of 33.59 resulted in a final assembly of 11,372,406 bp with a GC content of 38.24%. The complete assembly includes 304 scaffolds, with a scaffold N 50 size of ϳ115 kb. Analysis of the SPSC01 scaffolds indicated 1.54% repetitive content. Compared to S288c, SPSC01 has 80,388 SNPs, 2,983 insertions, and 2,991 deletions. Different mutation types and positions of SNPs in the coding sequence, intergenic regions, and introns were classified quantitatively, through which 50,165 SNPs (62.4%) were identified in the coding regions and 30,223 SNPs (37.6%) in the noncoding regions. A phylogenetic tree of SPSC01 was constructed in comparison with published genome sequences of yeast strains, which demonstrated that SPSC01 is close to S. cerevisiae Kyokai no. 7, which is used for fermentation to produce sake in Japan (16) . Many differences were observed in the genome of SPSC01 by synteny analysis compared to that of S288c and the industrial strain JAY291. Accession number(s). This whole-genome shotgun sequence has been deposited at DDBJ/EMBL/GenBank under the accession no. NPJN00000000. The version described in this paper is the first version, NPJN01000000.
